investigated the seasonal dynamics of coastal microbial communities in equatorial waters. 15 Equatorial waters are subjected to monsoons, periods when the prevailing winds over land 16 and adjacent ocean areas reverse directions on a seasonal basis in response to differences 17 of heating pattern between land and ocean. These differences alter the patterns of rising and 18 sinking air near the equator, resulting in the seasonal migration of the intertropical convergence after the prevailing wind direction 7 characterize the annual meteorological conditions in the island. 28 The Northeast Monsoon (NE Monsoon), generally occurring from December to early March, 29 brings primarily north-easterly winds and long periods of heavy rain across the region, while the 30 Southwest Monsoon (SW Monsoon), from June to September, exhibits south-westerly winds with 31 higher temperatures, scattered showers and thunderstorms mostly occurring in the afternoon. 32 Inter-monsoon periods are generally less windy and experience lower precipitation. Singapore is 33 also surrounded by two main bodies of water with different trophic status: the Singapore Strait in 34 the South and the Johor Strait in the North. The Singapore Strait exhibits oceanic conditions 35 and is influenced by strong tidal currents up to 2 m s -1 and alternate oceanic influxes from 36 the South China Sea and the Java Sea 13 . The Johor Strait, less than 1 km wide, is subjected 37 to greater environmental fluctuations resulting from a combination of anthropogenic activities, 38 sporadic riverine inputs and reduced tidal mixing 14 . Recurrent spring/summer blooms have 39 been reported during the inter-monsoon months April/May in the years of 1935, 1948, 1949 and 40 1968 15 . More recent studies either applied morphological identification methods to a restricted 41 number of taxa 14 or used techniques such as flow cytometry and pigments analysis that have 42 limited taxonomic resolution 16, 17 to investigate the dynamics of the plankton communities in 43 Singapore coastal waters. 44 Here, we present an 18-month study that uses SSU rRNA metabarcoding to characterize 45 the temporal variation of the marine microbial community in Singapore waters. We observed 46 taxonomic compositions reflecting differences in trophic status between the two Straits and 47 identified a seasonal signature in the microbial community composition of the Singapore Strait, as NO x +NH 4 . 86 Bacteria were enumerated in duplicate water samples by flow cytometry using a CytoFLEX 87 (Beckman Coulter,Singapore) equipped with blue (488 nm) and violet (405 nm) lasers. Prior to 88 analysis, samples were thawed and diluted (between 5-10x) with 0.2 µm filtered sterile 10 mM 89 Tris, 1 mM ethylene-diamine-tetra-acetic acid buffer (pH 8.0) and stained with SYBR Gold (Life 90 Technologies, Singapore). Samples were incubated in the dark for 15 minutes prior to analysis. 91 The analysis was performed for 1 minute at medium flow rate (∼ 30 µL min -1 ) with an event 92 rate of ∼ 200-1200 particles per second with a threshold set on the green fluorescence channel 93 (525/40 BP). Bacteria were discriminated based on their signature on a scatter plot of green 94 fluorescence against violet side-scatter using CytExpert software provided with the CytoFLEX. were added to the tube which was incubated for 10 min at 70 • C with constant shaking (500 rpm) 101 twice and vortexed at maximum speed between each incubation. Following the last incubation, 102 6/44 700 µL of phenol-chloroform-isoamyl alcohol was added into the PowerBead tube and vortexed 103 at maximum speed for 10 min. The PowerBead tube was centrifuged at 10,000 g for 30 seconds 104 and 800 µL of supernatant transferred to a new collection tube to perform the DNA extraction 105 as per the manufacturer's instructions. DNA was eluted into 100µL of nuclease-free water and 106 quantified using a Qubit R 2.0 fluorometer with the dsDNA Broad Range assay kit (Invitrogen, 107 Singapore). Amplicon libraries were then generated using a modified version of the Illumina Sequence analysis 119 The raw sequencing data was initially processed by removing primers with cutadapt 24 . Paired-120 end joining, denoising and taxonomic assignment of Amplicon Sequence Variants (ASV) were 121 performed using Quantitative Insights Into Microbial Ecology (QIIME) release 2018.6 25 . Briefly, 122 after importing the sequence data into the QIIME2 environment, the denoising and pair-end 123 joining were performed using DADA2 26 . After discarding all the ASVs with less than 10 se-124 quence representatives, phylogenetic relationships were inferred by aligning representative 125 sequences with MAFFT 27 , filtering the alignment and constructing phylogenetic trees using 126 fasttree 28 with a midpoint root. Taxonomic classification was performed using the classify-sklearn 127 method 29 using the SILVA version 132 database as a reference. All ASVs identified as eu-128 karyotic (nuclear, plastid) were further assigned against the PR 2 database 30 version 4.12.0 with the metaMDS function also in the vegan package. The Envfit analysis generated using the 142 vegan package used the following environmental parameters: salinity, temperature, chlorophyll, 143 bacterial abundance, PO 4 , DIN, Si(OH) 4 ,NH 4 and amount of rainfall seven days (rain-7) prior to 144 the sampling day. The differential abundance of relevant ASVs was extrapolated using Gneiss 32 , 145 with Ward's correlation clustering as a function of monsoon period for the Singapore Strait. 146 The ASVs contributing significantly to the difference between the two monsoon regimes were 147 computed using the DESeq2 package 33 using a threshold for the corrected p-value of 0.01. The Strait ( Figure S2A ). The lowest temperatures were consistently found during the NE monsoon. 156 Much larger variability was observed in salinity: the two sites in the Singapore Strait were very 157 similar to each other, with salinity ranging from 29.8 to 32.6 and lowest values during the SW 158 monsoon ( Figure 1 ). In contrast, salinity was lower and more variable in the Johor Strait, ranging 159 from 18.1 to 30.3, with lowest values mostly during the NE monsoon. Sembawang, the sampling 160 site closest to the causeway between Singapore and Malaysia, typically had lower salinity than 161 Pasir Ris (Figure 1 ). 162 Dissolved nutrient concentrations also differed strongly between the Singapore and Johor 163 Straits: NO x , NO 2 , NH 4 and PO 4 were typically 2-10-fold higher in the Johor compared to the 164 Singapore Strait, while Si(OH) 4 was on average more similar, but with higher variability in the 165 Johor Strait (Figure 1 , Supplementary Data S1, Figure S2 ). The Singapore Strait showed more 166 oligo-to mesotrophic characteristics, with NO x ranging from < 1-5 µmol L -1 , NO 2 and NH 4 167 almost always < 0.5 µmol L -1 and often close to or below detection limits, and PO 4 frequently 168 < 0.2 µmol L -1 . Si(OH) 4 in the Singapore Strait showed a seasonal pattern inverse to that of 169 salinity. In contrast, the Johor Strait mostly had NO x > 5 µmol L -1 and often > 10 µmol L -1 , with 170 NO 2 regularly contributing more than 50% of NO x . NH 4 mostly ranged at Pasir Ris from 1 to 171 8 µmol L -1 , and at Sembawang mostly around 10-40 µmol L -1 , reaching as high as 75 µmol 172 L -1 . PO 4 in the Johor Strait was generally in the range of 0.5-3.0 µmol L -1 , but occasionally 173 dropped to < 0.1 µmol L -1 . Higher values were usually found during the SW monsoon. In the 174 Singapore Strait, NO x and PO 4 were generally highest just before or during the SW monsoon, 175 and lowest during the NE monsoon. The Johor Strait displayed less coherent seasonal patterns, 176 with NO x and PO 4 showing opposite seasonal trends in Sembawang, and no clear pattern for 177 Si(OH) 4 . There were no differences in total precipitation for the 7 days prior to sampling between 178 the Johor and Singapore Straits throughout the year, with values ranging from 0 to 128 mm 179 (Supplementary Data S1). 180 Bacterial abundance was different between the Singapore and Johor Straits (Supplemen-181 tary Data S1, Figure S2 ), with abundances ranging from 0.4x10 6 to 1.6x10 6 cells·mL -1 and 182 1.1x10 6 to 9.4x10 6 cells·mL -1 , respectively. In general, higher bacterial counts were recorded at 183 9/44 Sembawang. 184 Chlorophyll concentration varied substantially between sites, broadly reflecting the concen-185 tration of nutrients: low values were found in the Singapore Strait (mostly <2 µg L -1 , but up to 186 13 µg L -1 ), while the Johor Strait rarely had less than 10 µg L -1 , and up to 94 µg L -1 (Figure 1 , 187 Supplementary Data S1). In the Singapore Strait, chlorophyll was lowest during the SW monsoon 188 and highest during inter-monsoon 1 or the NE monsoon, while in the Johor Strait, concentrations 189 were highest during the NE monsoon or inter-monsoon 2, and lower during the SW monsoon. (Table 1 ). Envfit analysis revealed 299 that most environmental factors (salinity, temperature, chlorophyll a, DIN, NH 4 and bacterial 300 abundance were significant drivers (p < 0.05) for the difference between straits (Figure 4) . 301 An nMDS analysis taking only into account the Singapore Strait displayed little overlap 302 between the SW monsoon and the others monsoon periods (Figure 4 ). ANOSIM confirmed that 303 there was a significant difference based on monsoon (Table 1) Figure S8 ) and ANOSIM demonstrated a significant difference only based on site 308 (Table 1) . 309 Seasonal variability in Singapore coastal water communities 310 Seasonal variability associated with the monsoon was observed in the Singapore Strait. Linear 311 regression models implemented in Gneiss analysis indicated a significant difference between 312 SW and NE monsoon regime ( Figure S9top ), which was driven by an increase in abundance of 313 members of the order Nitrosopumilaceae ( Figure S6 . Johor Strait microbial community is influenced by short term events 342 The lower values and the absence of a clearly defined seasonal pattern in salinity compared to 343 the Singapore Strait (Figure 1) suggest that Johor Strait is influenced by river and land runoff. 344 The lower salinity at Sembawang compared to Pasir Ris also suggests that the central portion 345 of the Johor Strait is affected by land-runoff from storm drains, reservoirs and smaller rivers 346 15/44 such as the Sungai Tebrau, located just north of Sembawang station. The oscillation in salinity 347 was also reflected in the eukaryotic community composition, which harbored brackish water 348 (e.g Cyclotella) and marine euryhaline groups (e.g Picochlorum). Groups known to have an 349 exclusive marine lifestyle such as Syndiniales and Micromonas were absent at Sembawang 350 samples and only sporadically found in the samples from Pasir Ris (Figure S7 ). On the other 351 hand, the cosmopolitan genus Gyrodinium, known to inhabit marine, brackish and freshwaters, 352 was found at both Johor stations ( Figure S7 ). 353 The Johor Strait is clearly eutrophic compared to the Singapore Strait, with consistently higher saline water into the Singapore Strait due to the high precipitation over Sumatra, Borneo, 402 and Java. The high freshwater input from these islands into the Java Sea is likely also the 403 source of nutrients transported to Singapore at the start of the SW monsoon period (Figure 1 ). 404 The net northerly water transport during the SW monsoon transports a community with a 405 higher proportion of Archaea to the Singapore Strait, especially the ammonia-oxidizing archaea 406 Candidatus Nitrosopelagicus and Candidatus Nitrosopumilus, presumably reflecting higher 407 nutrient concentrations and greater dominance of heterotrophic recycling of organic matter. 408 During the NE monsoon, the current direction reverses and water from the South China Sea 409 flows into the Singapore Strait 13 , carrying more saline and more oligotropic water with less 410 terrestrial input into the Singapore Strait. Consequently, all nutrients decrease in concentration 411 except for a small peak around the beginning of the NE monsoon ( Figure 1 ) that is probably 412 driven by local run-off (since this is typically the period with the highest rainfall in Singapore). 413 While our study showed an increasing trend in nutrient concentration during the SW mon-414 soon, the chlorophyll did not show any trend. Other parts of South East Asia have also been 415 shown to experience seasonal dynamics in the chlorophyll concentration as a result of monsoon 416 systems 8, 10, 11 . The analysis of the ASVs that differ most significantly between the two mon-417 soons suggested that ecotype replacement is likely occurring during the seasonal cycle. This 418 replacement involves ASVs belonging to SAR11 clades, SAR406 and the NS4 and NS5 groups, 419 which have been shown to display seasonal dynamics in temperate waters 56-60 . 420 Although few eukaryotic ASVs had their abundance increased or were present during either 421 the SW or NE monsoon period, no clear seasonal pattern was observed among eukaryotes. phytoplankton group that we found in the strait, neither a seasonal trend nor a bloom were 441 observed during the present study. During the 1968 SW monsoon, a bloom of pennate diatoms 442 (Bacillariophyceae) was also reported 15 , and this group is known to be part of the phytoplankton 443 community in the Singapore Strait 14 . Surprisingly, very few reads in our dataset were assigned to 444 Bacillariophyceae, probably due to the fact that the forward primer used displays one mismatch 445 to all Ochrophyta (data not shown), which is confirmed by the fact that this group was detected 446 through its plastid 16S rRNA sequences (Supplementary Data S2). As this is the first long-term 447 study of the protist communities in the waters of Singapore since the early 50's 15 , it is impossible 448 to known whether either the absence of blooms today or the appearance of blooms in the past 449 are anomalies of the ecosystem. 
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